The chemical composition of the hips essential oils of 9 taxa of Rosa L. was analyzed and compared using the standardized analytical GC and GC/MS methods. The volatile hips oil compositions for these species are presented. All oil samples were dominated by following components: vitispiran (isomer), α-E-acaridial, dodecanoic acid, hexadecanoic acid, docosane (C22), -ionone, 6-methyl-5-hepten-2-one, 2-heptanone, heptanal, myristic acid and linolic acid. Statistical analyses of 97 GC peaks of these oils were used to distinguish compositional patterns. There appeared to be correlation between the essential oil patterns and the classification within Rosa L. Cluster analysis of the composition of main components clearly showed two groups, one constituted by R. rugosa Thunb. from the Cinnamomea section, and the other constituted by the remaining taxa from the Caninae section.
Introduction
The genus Rosa L. (Rosaceae) consists of approx. 150 wild species, all of which grow in the northern hemisphere of Europe, Asia, the Middle East and North America. The genus is divided into four subgenera. Three of them, Hulthemia, Platyrhodon and Hesperhodos, have only one species each. The fourth subgenus, Eurosa, contains more species grouped into ten sections (Rehder, 1940) . Most Polish wild species belong to the Caninae section of the subgenus Eurosa, whose nomenclature is extremely confused. The majority of species became a source of Polish Pharmacopeial material Fructus Rosae (FP IV). Rose hips have long been used as a herbal tea, vitamin supplement or food product in many European countries, since they are rich in vitamin C, phenolics and carotenoids (Nowak and Krzaczek, 1994; Hvattum, 2002) . There is growing evidence that rose hips possess important pharmacological properties, e.g. anti-inflammatory and antioxidant (Winther, 1999; Gao et al., 2000) . Roses are economically the most important ornamental crop because of their popularity as garden, landscape and pot plants or cut flowers, and their use as a source of aromatic oils for the perfume industry, too (Gudin, 2000) . Their petals are the main source of fragrance compounds. There are some literature data about pharmacological activity of rose oil from flower, e.g. antimicrobial and anxiolitic (Basim and Basim, 2003; Aridogan et al., 2002; Umezu et al., 2002; Almeida et al., 2004) . Essential oils are complex mixtures of phenylpropanoids (including benzenoids), fatty acid derivatives, and terpenoids. They create the specific smell of plants and show multitude of pharmacological properties, such as bactericidal, fungicidal, antiviral, cytotoxic, immunostimulative and antioxidative (Aridogan et al., 2002; Haze et al., 2002) .
The examinations of essential oils in roses were so far concentrated on recognition of the compounds of oil coming from petals or flowers, mainly of various rose cultivars. It is known that the mixture consists of approx. 400 components. These compounds have been classified into several chemical groups including hydrocarbons (mostly sesquiterpenes such as -caryophyllene), alcohols (monoterpenes such as geraniol, nerol, citronellol and aromatic alcohols, e.g. phenethyl alcohol), esters (mainly acetates, e.g. hexylacetate, geranyl acetate, and phenethyl acetate), aromatic ethers (such as orcinol dimethyl ether, benzyl methyl ether, estragole, and methyl-eugenol), and "others" (e.g. aldehydes such as geranial and nonanal, rose oxide, and norisoprenes such as -ionone) (Ohloff and Demole, 1987; Kim et al., 2000) . The main compounds, which are emitted by flowers, are 2-phenylethyl, geranyl, and citronellyl acetates (Dobson et al., 1987; Shalit et al., 2003) . The composition of oil obtained by hydrodistillation showed some differences (Knudsen and Tollsten, 1993) .
The components of essential oil from rose hips are not well-known and the Polish roses have never been investigated from this point of view.
Experimental

Plant material
The material comprised hips of 9 taxa of roses, which are classified by Flora of Poland into 6 species (Zieliń ski, 1987; Popek, 1996) .
The fruits were collected in September 2002 near Lublin and Zamość (Table I) in the same stage of development and from the same region with similar environmental factors to diminish their influence on essential oil composition. The plants were confirmed by Prof. T. Krzaczek and voucher specimens are deposited in the Department of Pharmaceutical Botany of Medical University in Lublin (Poland).
In the research 100 g of frozen and crushed fruits were used.
Analysis of volatile compounds
The essential oils were obtained by means of hydrodistillation with m-xylene in a Derynge apparatus for 3 h. The composition of oils was analyzed using the methods of gas chromatography (GC) and gas chromatography connected with mass spectrometry (GC/MS).
The GC analyses were performed using a gas chromatograph Carlo-Erba Instruments typ HRGC 5300 Mega (Milan, Italy) with a flame ionization detector (FID) and a SSL injector (both 320 ∞C). The compounds were separated on a CP sil-5CB capillary column (30 m ¥ 0.32 mm i.d.; film thickness: 0.25 µm). The temperature programme was from 50 ∞C to 300 ∞C (30 min isothermal) at a rate of 4 ∞C/min. The flow of carrier gas (N 2 ) was 1 ml/min. GC/MS analyses were carried out using a gas chromatograph Fisons Instruments typ GC 8000 (Milan, Italy) with a CP sil-5CB capillary column (30 m ¥ 0.32 mm i.d.; film thickness: 0.25 µm) coupled to a mass spectrometer. The analytical conditions for GC and GC/MS analyses were similar. Helium was used as a carrier gas at a flow rate of 0.8 ml/min. The ionization energy was 70 eV.
The components of oils were identified by comparing the mass spectra with a computer databank (National Institute for Standard Technology, NIST, library) and literature data, as well as by comparison of their retention indices with literature data (McLafferty and Stanffer, 1989; Adams, 1995) .
Retention indices (RI) were determined according to Kovats (1958) and calculated with respect to a set of co-injected standard hydrocarbons (C5ÐC26).
The amount of separate components was determined in percentages of the GLC peak area to the whole fraction composition.
Statistical analysis
Statistical analyses of GC peaks in the rose oils were used to distinguish compositional patterns. The software Metlab 6.5 and Statistica 6.0 were used for the analyses.
Firstly, all variables were checked if they differentiate species between groups. Secondly, only variables which differentiate species were chosen. In order to eliminate affection of distances by differences in scale among the dimensions from which the distances are computed, standardization was processed. After all these steps cluster analysis was computed. The silhouette value and single linkage method was used. In this method the distance between two clusters was determined by the distance of the two closest objects (nearest neighbors) in the different clusters.
The determination of overall chemical similarity between taxa was calculated using a correlation coefficient. Statistically significant coefficients are higher than R* = 0.197.
Results and Discussion
The performed analyses showed that essential oils of rose hips are a complex mixture of about 100 compounds including a wide range of aldehydes, acids and esters. Table II lists all compounds isolated from the nine taxa sampled. Most of the components were identified. All these components have not earlier been reported as rose hips fragrances. However, several of the aromatics detected in rose hips have been found in flower fragrances. Flowers contained predominantly terpenoids and aromatics, present as alcohols, e.g. citronellol, nerol, and geraniol (Ohloff and Demole, 1987; Kim et al., 2000; Babu et al., 2002) . In contrast to flowers, hips showed large amounts of aldehydes, ketones, and acids.
The main compounds of rose hips essential oil, occurring in the majority of taxa are:
All the investigated oils differed noticeably in their quantitative composition and proportions of separated compounds. There were more than 20 typical substances which appear in all oils in significant amounts. Their occurrence and the analysis of characteristic components of rose hips oil in each of the investigated taxa are shown in Table III .
Apparently some of the compounds are characteristic for each taxa. So, the presence of cis-3-hexenal (No. 2) was noted only in four taxa and in R. rugosa its amount was dominant reaching 27.5% whereas in R. eglanteria it stated 1.5%. There was no α-E-acaridial (No. 57) in the oil of R. subcanina, while this substance was dominant in the rest of the samples. Rose hips oils from R. canina and R. vosagiaca possess the similar composition and the highest similarity value of 0.98 for these species was obtained (Table IV) . The essential oil from R. rugosa mostly differed from the composition of others. The similarity value obtained between this species and the others ranged only from 0.02 to 0.29. This fact was in accordance with the systematic distance of this species belonging to the Cinnamomea section from the others representing the Caninae section. Cluster analysis of the composition of main components clearly showed two groups, one constituted by R. rugosa Thunb. from the Cinnamomea section, and the other constituted by the remaining taxa from the Caninae section.
The analyzed taxa R. vosagiaca, R. coriifolia, R. subcanina, and R. caryophyllaceae are classified by Flora Europaea as distinct species (Klá šterský, 1968) . However, Polish Flora joined these taxa into one species called R. dumalis (Zieliń ski, 1987) . The essential oils obtained from their fruits showed vital differences, mainly in quantitative, but also in qualitative composition. A high similarity value was obtained between R. vosagiaca and R. coriifolia, and R. vosagiaca and R. subcanina (0.78 and 0.77, respectively) , but the similarity coefficient of R. caryophyllaceae to these three species ranged only from 0.34 to 0.47. This species differs morphologically from the others including to R. dumalis because it possesses (among other things) plenty of glands on the leaves and the characteristic strong smell. Fig. 1 shows the results of the cluster analysis in the Caninae section species using the standardized Euclidean distance.
The differences observed in the composition of oils may be the result of systematic and evolutionary position of the analyzed taxa. It is known that the plant scent is highly species specific, and al- Contents below 0.01% are marked as "Ð" and those between 0.01 and 0.04% as "tr" (traces).
most no two species produce identical mixtures of scent compounds. Even within species, often there is a great deal of variability in floral scent production, e.g. many cultivars of roses produce little or no scent, and among those that do, is considerable variability in the type of scent produced (Guterman et al., 2002) . Some genetic and biochemical studies have confirmed that the ability to produce floral scent is easily acquired and easily altered or lost in natural populations as well as among cultivated species (Dudarewa and Pichersky, 2000) . Some genetic and biosynthetic studies of rose flowers scent have been reported, too (Guterman et al., 2002) . Helsper et al. (1998) proved that the emission of volatile compounds of rose flowers displays a circadian rhythm pattern. Kim et al. (2000) demonstrated that floral fragrances of Rosa hybrida differ between rose taxa and from sample to sample within a single taxa.
So, I think, one should be careful in formulating the taxonomic conclusions only on the basis of fragrance compound variation.
Fragrance compounds play numerous important roles in the interactions between plants and their surroundings, a major one is to attract pollinators, although their importance seems to be limited by the lability of composition, depending on such environmental conditions as sunlight, humidity, temperature, time of the day and also the stage of the ontogenetic development of a plant. The way of preparation of the material and the conditions of its extraction seem to be crucial, too.
The significant quantitive and qualitive diversity of essential oils composition in one gender or even species, which is often noted, may be a consequence of the fact that metabolic pathways leading to their production are not the main ones in plants and thus they are less strongly established by evolution. The chemistry of volatile compounds has been proven particularly helpful in assessing taxonomic relationships of several genera and species. This group of compounds is often examined in the chemotaxonomic investigations of different species, lately in Betula gender (Isidorov et al., 2004; Santos et al., 2001; Skaltsa et al., 2003) .
There are also publications concerning high correlation of essential oils composition and the genetic profile of a plant, e.g. in Juniperus gender (and some successful attempts), implement it as taxonomic markers (Adams, 1999) .
These findings explain my interest in this group of compounds. However, the high diversity of oil Table IV . The correlation coefficients of the investigated rose taxa. The names of species are given in Table I Correlations, N = 97. Euclidean distance.
composition depending on environmental conditions and ontogenetic development decreases their importance in taxonomy, in spite of the same conditions of collection and analysis of the material.
